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METHOD FOR TARGETING A PREFERRED
OBJECT WITHIN A GROUP OF DECOYS

BACKGROUND OF THE

INVENTION

Current threats in the art of hostile ballistic missiles include
the deployment of decoys to make 1t difficult to identify the
preferred object (the object targeted for intercept). The decoy
objects for the most part travel 1n a ballistic manner along
paths similar to those of the preferred object. The deployment
method may result 1n mutual separation of the decoy objects
from each other and from the preferred object, possibly with
high speed. The decoy objects may include booster housing
(s), ejected shrouds, metal-surfaced balloons inflated after
reaching ballistic operation, including large balloons enclos-
ing the preferred object, a booster of boosters, an attitude
control module (acm) and various other objects. “Busing” 1s
used with some missiles, whereby a single boost vehicle
carries multiple preferred objects, in which case each pre-
terred object may be viewed as being a decoy as to the other
preferred object.

Detfense against ballistic missiles includes the use of inter-
ceptor missiles fitted with explosive warheads or with kinetic
kill vehicles. Targeting 1s accomplished by guiding the inter-
ceptor toward the spatially dertved guidance point of the
group or cluster of ballistic objects, including both the decoy
(s) and the preferred object. A determination 1s made of which
of the objects of the cluster 1s the preferred object, and the
guidance system of the interceptor 1s then activated, and
guides the interceptor toward the preferred object. Ideally, the
guidance of the interceptor toward a spatially dertved guid-
ance point (a point chosen based on the relative geometry
between the objects 1n the group) of the projected group of
objects makes 1t possible for engagement of the preferred
object by diversion of the interceptor during a final stage of
guidance. That 1s, the spatially dertved guidance point of the
projected group 1s deemed to be the best location from which
to divert when the interceptor final guidance 1s 1itiated.

Improved targeting 1s desired.

SUMMARY OF THE INVENTION

A method according to an aspect of the invention 1s for
targeting, with an interceptor, a preferred object from among
a plurality of ballistic objects 1n an associated group of
objects. The method comprises the step of sensing a group of
potential target objects which includes a preferred object and
an associated group ol non-preferred objects, to thereby pro-
duce position and velocity vectors for each potential target
object of the group. From the position and velocity vectors for
cach potential target object of the group, at least one of spe-
cific energy and specific angular momentum i1s computed for
cach of the potential target objects, to thereby produce con-
stants of orbital motion. From the constants of orbital motion,
the three target objects exhibiting the specific energy or spe-
cific angular momentum above a threshold value are 1denti-
fied, to thereby 1dentify a group of three most likely target
objects. The threshold value 1s a user-defined design param-
cter, chosen so that three of the target objects have specific
energy or specific angular momentum above the threshold.
The spatially derived guidance point 1s calculated of the
group of three most likely target objects. The spatial rate of
change of the constants of orbital motion 1s calculated, to
thereby produce a guidance direction increment. The spa-
tially dertved guidance point 1s combined with the guidance
direction increment, to thereby produce a target or guide
point. The target or guide point 1s expected to be closer to the
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location of the preferred object than 1s the spatially derived
guidance point. The thrust of the interceptor 1s controlled to

guide the mterceptor vehicle toward the target or guide point.

In a particular mode of the method, after the step of con-
trolling the thrust of the interceptor toward the target point, a
determination 1s made of which of the potential target objects
1s the pretferred object, and control of the interceptor 1s tran-
sitioned to guidance toward the preferred object.

An engagement system according to an aspect of the mnven-
tion 1s for targeting and engaging a preferred object among a
group ol non-preterred objects. The system comprises at least
one sensor (312) for sensing a group of potential target
objects (preferred object, acm, B, 315) which includes a
preferred object and an associated group of non-preferred
objects, to thereby produce position and velocity vectors for
cach potential target object. The system also comprises a
computer arrangement, which may be a single computer or a
distributed computer, and which may include modules for
performing specific tasks or an integrated software entity for
performing multiple specific tasks. The computer includes at
least an aspect for computing, from the position and velocity
vectors, at least one of specific energy and specific angular
momentum for each of the potential target objects, to thereby
produce constants of orbital motion. A computer or ranking
aspect thereof ranks the constants of orbital motion for each
of the potential target objects, and deems the three target
objects having values above a threshold (of the one of the
specific energy and specific angular momentum) as 1dentify-
ing a group of the three most likely target objects. A computer
or spatially dertved guidance point aspect thereof calculates
the spatially derived guidance point of the group of three most
likely target objects, and calculates the spatial rate of change
ol the constants of orbital motion, to thereby produce a guid-
ance direction increment. A computer or combining aspect
thereol combines the spatially dertved guidance point with
the guidance direction increment, to thereby produce an inter-
ceptor vehicle target point which 1s closer to the location of
the preferred object than 1s the spatially derrved guidance
point. A controllable thrust controller 1s coupled to receive the
interceptor vehicle target point, and 1s also coupled to the
interceptor vehicle, for controlling the thrust of the intercep-
tor vehicle to guide the interceptor vehicle toward the target
point. In a particularly advantageous aspect of the system, a
computer or identification aspect thereol 1s coupled for
receiving at least the constants of orbital motion, for deter-
mining which of the potential target objects 1s the preferred
object, and for generating a command for a transition from
guidance toward the target point to guidance toward the pre-
terred object. A computer or aspect thereotf 1s coupled to the
interceptor vehicle and to recerve the command for transition
from guidance toward the target point to guidance toward the
preferred object, and effectuates the transition from guidance
toward the target point to guidance toward the preferred
object.

BRIEF DESCRIPTION OF THE DRAWING

FIG. 1 illustrates an orbit and various vectors to aid 1n
explanation of constants of orbital motion;

FIG. 2A represents a scenario in which a multipartite hos-
tile missile 1s launched, illustrating various portions of the
orbits of the parts, FIG. 2B illustrates an ellipse for defining
terms, and FIG. 2C illustrates the orbital trajectories under-
lying FI1G. 2A;

FIG. 3 1llustrates additional aspects of the scenario of FIG.
2 A, and 1n which the interceptor missile 1s guided toward the
spatially dertved guidance point of a triangle defined by the
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three principal separated components of the hostile missile,
and which also illustrates a specific energy derved guidance
point;

FIG. 4 1llustrates a scenario similar to that of FIG. 3, with
additional vectors explaining aspects of the imnvention;

FIG. 5 represents a three-dimensional C coordinate frame
or space defined by C,, C,, and C; dimensions, in which the
preferred object, the attitude control module, and the booster
lie 1n the C, -C,, plane, and further showing a specific energy
space;

FI1G. 6 illustrates a specific energy gradient about the spa-
tially derived guidance point to aid 1n shifting the interceptor
aim point;

FIG. 7 illustrates geometry associated with FIG. 6 for
aiding 1n determining the new aim or guide point prior to final
guidance of the interceptor toward the target; and

FI1G. 8 1s a simplified logic or control flow chart or diagram
illustrating the method of the invention.

DESCRIPTION OF THE INVENTION

The “guide” point toward which the interceptor 1s guided 1s
chosen so as to contain the preferred object (po) within the
divert capability of the interceptor. This can be important
because the objects of the ballistic group or cluster may
diverge at a rate which does not allow all of them to be
contained using the prior-art spatially derived guidance point
method. It should be noted that the spatially derived guidance
point lies 1n a plane which contains those three objects of a
group having specific energy or specific angular momentum
above a threshold value. According to an aspect of the mven-
tion, the interceptor aim, guide, or target point before terminal
guidance begins 1s shifted or deviated away from the spatially
derived guidance point and toward the preferred object. This
allows containment of those objects likely to be the preferred
object within the interceptor divert capability. The shifting or
deviation of the guide or target point 1s based on orbital
parameters of the objects. The specific orbital parameter
which canbe used 1s one of (a) specific energy and (b) specific
angular momentum.

It has been found that specific energy derived guidance
point 1s slightly closer to the preferred object than the spa-
tially denived guidance point of the three objects having spe-
cific energy or angular momentum above a threshold value.
The specific energy gradient within the plane formed by the
objects of the group 1s 1 the form of a vector. The vector
points 1n a direction close to the preferred object, or 1n other
words points generally “at” or “toward” the preferred object
from the spatially derived guidance point. Shifting of the
guide point of the interceptor in the direction indicated by the
gradient vector tends to allow containment of the preferred
object and other probable objects within the divert capabaility
for a longer period of time than when a simple spatially
derived guidance point 1s used. This additional time allows
more time 1 which to perform the sensing and computations
to 1dentily the pretferred object.

FI1G. 1 illustrates constants of orbital motion. The constants
of orbital motion can be used to differentiate among objects
based on their motion. In FIG. 1, the gravitational center 12 of
the Earth 10 1s centered on X and Y coordinates. The radius R |
of the Earth 1s indicated. An object, in the form of a hostile
missile 14, 1s illustrated as having followed a boost and bal-
listic path 1llustrated by a dash line 16, and currently lies at a

— —

radius r . A local horizon orthogonal to radius r r is a plane
indicated as line 18. The velocity vector of the missile 14 1s
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identified as V, and is at an angle ¢ relative to local horizon
18. The specific energy E of the object 14 of FIG. 1 can be
expressed as

— (1)

where u_=3.986x10"%.

mf’;

G2

The angular momentum H of the object 14 can be expressed
as

H=rxVI=rV cos () (2)

In general, E and H determine the properties of a ballistic
trajectory including maximum orbital radius and orbital dis-
tance normal to the major axis of the orbital ellipse.

FIG. 2A 1s a simplified representation of trajectories of
missile 14, 1ts deployed preferred object po and some “decoy™
objects, together defining a group or cluster 208 of objects.
Elements of FIG. 2A corresponding to those of FIG. 1 are
designated by like alphanumerics. The decoy objects which
are illustrated in FIG. 2A are the attitude control module
(acm) and the booster B. Group 208 of objects may include
other objects, but only the three objects having specific
energy or angular momentum above a threshold value are
considered. The specific energy of each object 1s calculated
according to equation (1), and the three objects having spe-
cific energy (or angular momentum) above a threshold value
are considered. Consideration of the three objects having
specific energy above a threshold value 1s accomplished by
ranking the values of specific energy of the objects. This
method allows for targeting of the object most likely to be the
preferred object, but also allows the possibility of targeting,
another object, which has some probability of being the pre-
terred object. InFIG. 2A, the horizon 1s 1llustrated as 210, and
a body of water as 212. A first land mass 214 represents the
location from which the hostile missile 14 1s launched, as
suggested by dash line portion 218. The ultimate target of
hostile missile 14 1s a friendly land mass designated 216. As
illustrated at position 1 1n FIG. 2A, missile 14 includes a
preferred object, an attitude control module acm, and a
booster B.

FI1G. 2B 1llustrates an orbital ellipse 206. In F1G. 2B, F, and
F, represent first and second focal points lying on the major
axis 204 at distance ¢ from the center 212 of the ellipse 206.
The semi-major axis 1s designated a, so the major axis has
dimension 2a. The semi-minor axis 1s designated b, so the
minor axis has dimension 2b. An object 14 1s illustrated as
orbiting along ellipse 206 at a radius R from F,, which radius
makes an angle T with the major axis. FIG. 2C represents the
orbits ol the various objects of FIG. 2A, namely the booster B,
the attitude control module (acm), and the preferred object po
as superposed on the Earth 10. In FIG. 2C, the Earth’s center
1s designated 12 and also as F,. The booster trajectory 1is
designated 220, the preferred object trajectory 1s designated
224, and the acm trajectory 1s designated 226. The hostile
missile or target 14 launch point 1s designated 203. The larg-
est orbital radius from the center of the Earth reached by the
booster along trajectory 220 1s designated R __booster and 1s

FRLEd X

measured from the focal point F,. The largest orbital radius
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reached by the acm along trajectory 226 1s designated R
acm and 1s also measured trom the focal point F,. The largest
orbital radius reached by the preferred object po along trajec-
tory 224 1s designated R, __po and 1s also measured from the
focal point F, .

At atime after launch of missile 14 of FIG. 1, the booster B
separates from the preferred object and attitude control mod-
ule acm, and follows a path 1llustrated as dash line segment
220 1 FIG. 2A, while the conjoined preferred object/acm
follows a path suggested by solid-line segment 222. At a
position illustrated as 2 in FIG. 2A, the preferred object po
separates from the acm. The preferred object follows solid-
line segment 224 toward 1ts destination, while the acm fol-
lows adash line segment 226. There may be some atmosphere
at ballistic missile orbital altitudes, and the differences
between or among the paths of the objects 1s attributable at

least 1n part to frictional or retarding eifects of this atmo-

sphere.

In FIG. 2A, the gravitational center of the Earth 12 1s also
designated F,, representing the first focus of the elliptical
paths taken by the preferred object, the attitude control mod-
ule acm, and the booster B. The second focus of the elliptical
path taken by the booster B 1s designated F, booster. The
major axis of the orbital ellipse for the booster B lies along the
line extending between F, and F,B. The second focus of the
clliptical path taken by attitude control module acm 1s desig-
nated F, acm, and the major axis of the orbital ellipse for the
acm lies along the line extending between F, and F, acm. The
second focus of the elliptical path taken by the preferred
object 1s designated F,po, and the major axis of the orbital
cllipse for the preferred object lies along the line extending
between F, and F,po.

The maximum orbital radius R, of an orbiting object

travelling on an elliptical trajectory 1s given by

Ry=a(l+e) (3)

where:
a 1s the semi-major axis of the ellipse; and

€ 1s the eccentricity of the ellipse.
The semi-major axis a of the ellipse 1s given by

_JuE
2E

(4)

where:
1L, 1s the Farth’s gravitational constant (equal to)

3
3.086 x 1014 heters

Second?

. and
E 1s the specific energy.
The eccentricity € of the ellipse 1s given by

(5)

Equation (3), as 1t applies to FIG. 2A, shows that the maxi-
mum orbital radius, or the maximum height above the Earth’s
surface achieved by an orbiting object depends on the specific
energy of the object.
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The orbital distance normal to the major axis at second
tocus F, of an orbital ellipse 1s known as the semilatus rectum
and 1s designated p. The semilatus rectum 1s illustrated 1n
FIG. 2B and represents the distance traveled by the object
normal to the major axis of the orbital ellipse. The semilatus
rectum of the booster in FIGS. 2A and 2C 1s designated p
booster or pB, the semilatus rectum of the attitude control
module 1n FIGS. 2A and 2C 1s designated p acm, and the

semilatus rectum of the preferred object in FIGS. 2A and 2C
1s designated p_po. The value of p can be calculated as

B H? (6)

p__
He

where:

H 1s the specific angular momentum of the object as cal-
culated 1n Equation (2); and

u_ 1s the Earth’s gravitational constant as described above.

FIG. 3 1s a representation of various geometrical relation-
ships which are found in a scenario 300 1n which a hostile
missile 14 1s launched from a location 305 and which con-
ceals the i1dentity of the preferred object with an attitude
control module (acm) and spent booster (B), and 1n which the
interceptor missile 1s guided toward a spatially derived guid-
ance point 322. Flements of FIG. 3 corresponding to those of
FIG. 2 are designated by like alphanumerics. FIG. 3 also
illustrates a ship 310 which senses the missile 14 1n the boost
phase, as suggested by “lightning bolt” symbol 312. In FIG. 3,
the hostile missile 14 boosts along path 218, and the boosting
results 1n a cloud of debris designated 314. Ultimately, the
booster takes a path 220, and at a given time arrives at a
location illustrated by a booster circle 303. In the same man-
ner, the acm follows a path 226 and arrives at the given time
at a location 1llustrated as an acm circle 302. The group of
objects including the preferred object po, the acm, and the
booster, together with other debris 314, 1s designated 31S5.
The preferred object po follows path 224 and at the given time
arrives at a preferred object location illustrated as 301. Loca-
tions 301, 302, and 303 define the vertices or corners of a
triangle designated generally as 320 and defined by sides
320,, 320,, and 320,. Side 320, of the triangle 320 extends
from the location 301 of preferred object po to the location
302 of attitude control module acm. Side 320, of triangle 320
extends from the preferred object location 301 to the location
303 of booster B, and side 320, extends from acm location
302 to the booster location 303. The range from the ship 310

to booster location 303 i1s designated ?bj the range to acm

location 302 1s designated T and the range to preferred

T

object location 301 1s designated ?pﬂ.

An 1nterceptor missile 330 of FIG. 3 launched as a counter
to a hostile ballistic missile such as 14 must be guided, either
remotely or locally, toward 1ts target along a path such as path
332 until such time as the preferred object 1s 1dentified from
among the various decoy objects 1n the group. The gmidance
of the interceptor missile may often be remote until the
autonomous seeker “locks onto™ the preferred object object,
which by that time 1s known. In the prior art, the interceptor
missile was guided toward the spatially dertved guidance
point of the group of three principal objects until the preferred
object was 1dentified. A representative spatially derived guid-
ance point location 1s designated 322 1n FIG. 3. This method
of guidance was not without faults, as, 1n order to efiect an
intercept of the preferred object, the interceptor missile would
ordinarily have to be able to divert 1ts path. In some cases, by
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the time the preferred object was 1dentified from among the
other objects, msuificient divert capability was available for
intercepting the preferred object.

The spatially derived guidance point 322 of trnangle 320 of

FIG. 3 1s designated ?C and given by

(7)

where:
N represents the number of objects;

T a position vector of the i” object; and

i is an index representing the i object.

The specific energy of a ballistic object 1s designated as E
and defined 1 equation (1). The specific energy of a group of
N objects 1s defined by

(8)

N
E=) E

=1

i

and the specific energy dertved guidance point 1s given by

(2)

A representative specific energy derived guidance point r =18
designated 324 1n FIG. 3. The specific energy dertved guid-
ance point 1s closer to the location of the preferred object than
the spatially derived guidance point. It has been found, how-
ever, that this difference in guidance point location 1s not a
sensitive indicator of the actual preferred object location, and
it was found that targeting the specific energy dertved guid-
ance point with the interceptor missile before final guidance
gave little improvement.

FI1G. 3 1llustrates as an arrow 360 the specific energy gra-
dient associated with triangle 320. It has been found that the
gradient of the specific energy points generally 1n the direc-
tion of the preferred object. That being so, targeting the inter-
ceptor missile toward the spatially (or specific energy)
derived guidance point modified by the gradient of the spe-
cific energy provides improved performance, 1n that the tar-
geting point tends to be closer to the location of the preferred
object than the unmodified spatially (or specific energy)
derived guidance point 322 (or 324). Since the targeting point
as modified by the gradient of the specific energy ends up
closer to the actual location of the preferred object, there 1s a
greater likelihood that the divert capability of the interceptor
missile will be adequate to intercept the hostile missile.

FI1G. 4 1s generally similar to FIG. 3, but shows additional
geometric information useful in understanding aspects of the
invention. Elements of FIG. 4 corresponding to those of FIG.
3 are designated by like reference alphanumerics. In FIG. 4,
the coordinate frame 1s based at the spatially derived guidance
point 322. A vector extending between the Earth’s center of
gravity 12 and the location 301 of preferred object 1s desig-

nated r__, a vector extending from center 12 to the location

po?
302 of attitude control module acm 1s designated T o and
a vector extending from center 12 to the location 303 of

5

10

15

20

25

30

35

40

45

50

55

60

65

8

booster B is designated r . A vector extending between the
Earth’s center 12 and the location of the spatially dertved

guidance point 322 1s designated ?sp

The three objects having specific energy above a threshold
value (namely the preferred object, the acm, and booster B)
are resolved into a coordinate frame defined by the plane
containing the three objects, which plane 1s suggested by
triangle 320 of FIG. 4. The coordinate frame 1s formed based
on the position vectors of the three objects and the spatially
derived guidance point 322, defined in the ECEF (Earth-
Centered-Earth-Fixed) coordinate frame. Vector s, is a unit
vector (a vector with a magnitude of one) pointing from the
spatially derived guidance point 322 toward one of the objects
(1llustrated as being the preterred object in the case of FIG. 4),
where s, 1s given by

(10)

sp

31 =

—
—F
—3

po
po —

T

spll

Vector s, 1s a unit vector pointing from the spatially derived
guidance point 322 to another object, 1llustrated as being the
booster.

— —
Fb — Fsp

(11)

32 — — —
”rb - rsp”

The basis vectors defining the coordinate frame are then
formed as follows:

=5, (12)

fil XE‘Q (13)

iy = ———
||2; X 57|

(14)

Eig XE{I

) = ———
|2t X ity ||

In FIG. 4, basis vectors 1, and u, lie in the plane with the
three principal objects (that 1s, 1n the plane including triangle
320), and basis vector U, 1s normal to the plane.

FIG. 5 1llustrates a new C coordinate frame with mutually
orthogonal axes or dimensions C,, C,, and C,. The C, and C,
axes may be viewed as representing position, and the C; axis
may be viewed as representing specific energy. The three
objects, namely the preferred object po, the attitude control
module acm, and the booster B, lie in the C,-C, plane. The
spatially derived guidance point 1s designated sp. The rotation
matrix R, .~ from the ECEF coordinate frame to the new
coordinate frame C 1s:

1 (15)
A vector representing each object can now be expressed 1n a
specific energy space defined by the object’s position vector
in the C frame and the object’s specific energy. The speciiic

energy space 1s illustrated in FIG. 5§ by the specific energy

C Fal ot Fal
Rpcpp [H 0505

plane defined by vectors ?fl, ?1}2,, and the specific energy
space defined by vector n, normal or orthogonal to the spe-

cific energy plane. Vectors E}l and ?1}2 connect the three

objects 1n the specific energy plane, and vector n 1s normal or
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orthogonal to the specific energy plane. Vectors connecting
the objects 1n specific energy space are defined as follows:

- C

El:xpa —Ap (16)

Jo2=X4car —*5p (17)

The specific energy plane 1s defined by a vector normal to that
plane, calculated as:

—

= —>
=4 X{4>

all of which are illustrated 1in FIG. 5.

Let vector ?:.C be the position vector of the i” object rep-
resented in the C coordinate frame. The vector of the i”” object
defined 1n specific energy space 1s formed by setting the third

(18)

clement of the position vector, ?I.C, equal to the object’s
specific energy:
() (19)
O
5 =R ()
B

The specific energy plane can also be expressed 1n the
form:

ax+by+cz+d=0 (20)

Solving for z gives an expression for the specific energy at any
point (X,v):

—ax—by—d (21)

Elx,y)=z=
i

The gradient at a point (X,y) gives the direction of the maxi-
mum spatial rate of increase of the specific energy. The gra-
dient 1s calculated as:

OE(x, y) .
0x I

OE(X, y) o
dy J

5. (22)

A unit vector 1n the direction of the gradient 1s given by:

V- (23)

IVl

i =

where || || denotes the norm of the vector contained within.
Evaluation of the specific energy gradient at the spatially
derived guidance point gives the direction to shift the aim-
point.

In FIG. 6, the triangle 320 1n the plane including the pre-
terred object po, the attitude control module acm, and the
booster 1llustrates the spatially dertved guidance point 322
and a plurality of arrows indicating the specific energy gra-

dient. A vector V E indicates the magnitude and direction of
the specific energy gradient.

The aim point should be shifted from the spatially derived
guidance point along the specific energy gradient so as to
keep the objects most likely to be the preferred object within
the divert capability of the missile.
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FIG. 7 1s a simplified illustration of geometrical consider-
ations which may be used to determine the shifted aim or new
guide point 722 from the spatially derived guidance point and

vector ?E In FIG. 7, a dotted-line circle 710 represents the
divert capability of the interceptor missile centered on the
spatially derived guidance point 322. In this hypothetical
situation, 1t can be seen that the preferred object lies just
outside of the divert limit circle 710. This means that, were the
spatially dertved guidance point 322 to be used as a guide
point before acquisition of the preferred object and final guid-
ance to the target, the interceptor could not “hit” the target. On
the other hand, with the center of the divert circle 712 shifted
to new guide point 722, the preferred object lies well within
the bounds of the circle 712, meaning that there the intercep-
tor missile 1s capable of reaching the target missile.

FIG. 8 15 a sitmplified logic or control tlow diagram or chart
illustrating a method according to an aspect of the invention.
In FIG. 8, the logic 800 begins at a START block 810, and
flows to a block 812, which represents detection and tracking
of a hostile target. From block 812, the logic tlows to a block
814, representing the initiation of an engagement, which
involves launching an intercepting missile. Upon threat sepa-
ration (separation of the preferred object from the decoys),
the logic tlows to block 816, which represents collecting
sensor information relating to the targets, such as target tracks
of the various objects. From block 816, the logic 800 of FIG.
8 tlows to a block 818, which represents calculation of the
specific energy (or angular momentum) of each object 1n
track, as described 1n conjunction with equations 1 and 2.
From block 818, the logic 800 of FIG. 8 flows to a block 820,
representing 1dentification of the three most significant
objects 1n the track, which are the three objects having spe-
cific energy above a threshold value. The i1dentification 1s
made using equations (1) or (2). From block 820, the logic
flows to a block 822, which represents the calculation of the
spatially derived guidance point, as detailed 1n conjunction
with the description of equation 7. From block 822, the logic
flows to block 824, which represents calculation of the spe-

cific energy gradient ?E, described 1n conjunction with
equations (22) and (23). From block 824, the logic tlows to
block 826, representing the selection of the aim or shifted
guide point, which 1s performed as described 1n conjunction
with FIGS. 6 and 7. The guide point 1s shifted from the
spatially derived guidance point, in (parallel to) the direction
of the specific energy gradient, until i1t intersects the line
connecting the two objects of specific energy above another
threshold value, taken in this case as being the dash line
joining the preferred object with the acm. The point labeled
“new guide point,” will be the point toward which to gmide the
intercepting missile. This 1s illustrated in FIG. 7 and calcu-
lated 1n Equations 24 and 25:

—ViX2 + X1 V2
—y1 +y2 + m(x; —x2)

(24)

Xg =

Vg =MXg (25)

Where, m 1s the slope of the specific energy gradient.

_ Ve (26)

Ve
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From block 826, the logic flows to a block 828, which
represents guidance of the interceptor missile toward the
shifted aim point. At some time, the preferred object will be
identified by known means. The identity of the preferred
object will be made known either to the interceptor missile, as
by remote 1dentification together with transmission to the
interceptor of the identifying information, or by an autono-
mous seeker in the interceptor missile. At the time the pre-
terred object 1s 1dentified by or to the interceptor missile,

control 1s transitioned away from guidance of the interceptor
missile toward the shifted guide point and to gmidance toward
the preferred object, as suggested by block 830 of F1G. 8. The
guidance toward the preferred object after the preferred
object has been identified 1s well known m the art, and
requires no further explanation. The logic 800 ends atan END
block 832, and may occur when the interceptor missile hits
the target, or may result from determination that a miss has
occurred, in which case the warhead, 11 any, may be disarmed.

A method (800) according to an aspect of the invention 1s
for targeting, with an interceptor (330), a preferred object
from among a plurality of ballistic objects (preferred object,
acm, booster, 314) 1n an associated group (315) of objects.
The method comprises the step of sensing (312, 812, 816) a
group (315) of potential target objects which includes a pre-
ferred object and an associated group of non-preferred
objects (acm, B, 314), to thereby produce position and veloc-
ity vectors for each potential target object of the group. From
the position and velocity vectors for each potential target
object of the group, at least one of specific energy and specific
angular momentum 1s computed (818) for each of the poten-
tial target objects, to thereby produce constants of orbital
motion. From the constants of orbital motion, the three target
objects having values of one of the specific energy and spe-
cific angular momentum above a threshold value are 1dent-
fied (820), to thereby 1dentify a group of the three most likely
target objects. The spatially derived guidance point (322) 1s
calculated (822) of the group of three most likely target
objects, using equation (7). The spatial rate of change or

gradient ( V E) of the constants of orbital motion 1s calculated
(824), as described 1n conjunction with equations (22) and
(23). A gwdance direction increment (X,.y.) 1s generated
(826), and the spatially dertved guidance point (322) 1s com-
bined (826) with the guidance direction increment (x_.y,) to
thereby produce (826) a target or guide point (722) which 1s
closer to the location of the preferred object than 1s the spa-
tially derived guidance point (322). The thrust of the inter-
ceptor (330) 1s controlled to guide the interceptor vehicle
toward the target or guide point (722). In a particular mode of
the method, after the step (828) of controlling the thrust of the
interceptor (330) toward the target or guide point (722), a
determination 1s made of which of the potential target objects
1s the preferred object, and control of the interceptor (340) 1s
transitioned (829) to guidance (830) toward the preferred
object.

An engagement system (300) according to an aspect of the
invention 1s for targeting and engaging a preferred object
among a group of non-preferred objects (315). The system
(300) comprises at least one sensor (312) for sensing a group
ol potential target objects (preferred object, acm, B, 315)
which includes a preferred object and an associated group
(314) of non-preferred objects, to thereby produce position
and velocity vectors for each potential target object. The
system (300) also comprises a computer arrangement (399),
which may be a single computer or a distributed computer,
and which may include modules for performing specific tasks
or an integrated software entity for performing multiple spe-
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cific tasks. The computer (399) includes at least an aspect for
computing (818), from the position and velocity vectors, at
least one of specific energy and specific angular momentum
for each of the potential target objects, to thereby produce
constants of orbital motion. A computer or ranking aspect
thereol (820) ranks the constants of orbital motion for each of
the potential target objects, and deems the three target objects
having values (of the one of the specific energy and specific
angular momentum) above a threshold as identifying a group
ol the three most likely target objects. A computer or spatially
derived guidance point aspect (822) thereof calculates the
spatially derived guidance point of the group of three most
likely target objects, and calculates (824) the spatial rate of
change of the constants of orbital motion, to thereby produce
(826) a guidance direction increment. A computer or combin-
ing aspect (826) thereof combines the spatially derived guid-
ance point with the guidance direction increment, to thereby
produce an iterceptor vehicle target point which 1s closer to
the location of the preferred object than 1s the spatially
derived guidance point. A controllable thrust controller (828)
1s coupled to receive the interceptor vehicle target point, and
1s also coupled to the interceptor vehicle, for controlling the
thrust of the interceptor vehicle to guide the interceptor
vehicle toward the target point.

The combining aspect of the method may include the 1den-
tification of a particular line extending between the two
objects having the values of the constant of orbital motion
above a threshold, and identifies the interceptor vehicle target
point as the intersection of the particular line with the projec-
tion of the spatially derived guidance point parallel with the
guidance direction increment.

In a particularly advantageous aspect of the system (300),
a computer (399) or 1dentification aspect thereof 1s coupled
for receiving at least the constants of orbital motion, for
determining which of the potential target objects 1s the pre-
terred object, and for generating a command for a transition
(829) from guidance toward the target point to guidance
toward the preferred object (830). A computer or aspect
thereot (398) 1s coupled to the interceptor vehicle (330) and to
receive the command for transition from guidance toward the
target point to guidance toward the preferred object, and
cifectuates the transition from guidance toward the target
point to guidance toward the preferred object.

What 1s claimed 1s:

1. A method for targeting a preferred object from among a
plurality of ballistic objects 1n an associated group of objects,
said method comprising the steps of:

sensing a group ol potential target objects which includes a

preferred object and an associated group ol non-pre-
ferred objects to produce position and velocity vectors
for each potential target object;

computing from said position and velocity vectors at least

one of specific energy and specific angular momentum
for each of said potential target objects, to produce con-
stants of orbital motion;

from said constants of orbital motion, 1dentifying three

target objects having values of said one of said specific
energy and specific angular momentum above a thresh-
old, to identify a group of the three most likely target
objects;

calculating a spatially derived guidance point of said group

of three most likely target objects;

calculating a spatial rate of change of said constants of

orbital motion, to produce a guidance direction incre-
ment;

combining said spatially derived guidance point with said

guidance direction increment to produce a target point
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which 1s closer to a location of said preferred object than
1s said spatially derived guidance point; and

controlling thrust of an interceptor vehicle to guide said
interceptor vehicle toward said target point.

2. A method according to claim 1, wherein said step of
computing from said position and velocity vectors at least one
of specific energy and specific angular momentum for each of
said potential target objects, to produce constants of orbital
motion, includes the steps of, for each of said potential target
objects, calculating one of

(a) the specific energy E of the potential target object as

e e
F= —— —
2 r

where:
V 1s the velocity of the potential target object;
r 1s the radius to the center of the Earth; and

3

i
e = 3.986 X 10145—2

and
(b) the specific angular momentum H as

H=rV cos ¢

where:

¢ 1s the angle between the velocity vector and the local

horizon.

3. A method according to claim 1, wherein said step of
identifving three target objects having values of said one of
said specific energy and specific angular momentum above a
threshold value, to i1dentify a group of the three most likely

target objects, includes the step of:
ranking a value of said one of said specific energy and
specific angular momentum for each of said potential
target objects; and
deeming those three objects having values above a thresh-
old as being the group.
4. A method according to claim 1, wherein said step of
calculating a spatially denived guidance point includes the
step of calculating:

where:
the number of objects 1s three;

?I. is a position vector of the i”” object; and

i is an index representing the i’ object.

5. A method according to claim 1, wherein said step of
calculating a spatial rate of change of said constants of orbital
motion, to produce a guidance direction increment icludes
the step of calculating the specific energy gradient as:

OE(x, y), OFE(x,y).

?E: + .
dx I J
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6. A method according to claim 1, wherein said step of
combining said spatially derived guidance point with said
guidance direction increment to produce a target point
includes the steps of:

identifying a line extending between two of said three
target objects having values of said one of said specific
energy and specific angular momentum above a certain
threshold; and

identifying as said target point an intersection of said line
and a projection of said spatially derived guidance point
that 1s parallel with said direction increment.

7. A method according to claim 1, wherein said step of
combining said spatially derived guidance point with said
guidance direction increment to produce a target point
includes the steps of:

shifting a guide point from the spatially dertved guidance
point 1n a direction parallel to a direction of the specific
energy gradient; and

continuing said shifting of the guide point from the spa-
tially derived guidance point until the guide point inter-
sects a line connecting the two objects having values of
specific energy above a certain threshold.

8. A method according to claim 1, wherein said method
includes the step, after said step of controlling the thrust of
said interceptor vehicle toward said target point, of:

determining which of said potential target objects 1s the
preferred object; and

transitioning control of said interceptor vehicle to guidance
toward said preferred object.

9. An engagement system for targeting and engaging a
preferred object among a group of non-preferred objects, said
system comprising:

at least one sensor for sensing a group of potential target
objects which includes a preferred object and an associ-
ated group of non-preferred objects to produce position
and velocity vectors for each potential target object;

a computer for computing from said position and velocity
vectors at least one of specific energy and specific angu-
lar momentum for each of said potential target objects,
to produce constants of orbital motion;

a computer for ranking the constants of orbital motion for
cach of the potential target objects, and for determining,
three target objects having values of said one of said
specific energy and specific angular momentum above a
threshold value as a group of the three most likely target
objects;

a computer for calculating a spatially derived guidance
point of said group of three most likely target objects;

a computer for calculating a spatial rate of change of said
constants of orbital motion, to produce a guidance direc-
tion 1increment:;

a computer for combining said spatially dertved guidance
point with said guidance direction increment, to produce
an interceptor vehicle target point which 1s closer to a
location of said preferred object than 1s said spatially
derived gmidance point; and

a controllable thrust controller coupled to receive said
interceptor vehicle target point, and coupled to said
interceptor vehicle, for controlling thrust of said inter-
ceptor vehicle to guide said interceptor vehicle toward
said 1nterceptor vehicle target point.

10. A system according to claim 9, further comprising;:

a computer coupled for receiving at least said constants of
orbital motion, for determining which of said potential
target objects 1s the preferred object, and for command-
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ing a transition from guidance toward said interceptor
vehicle target point to guidance toward said preferred
object; and

a computer coupled to said interceptor vehicle for receiv-

ing said command for transition from guidance toward
said target point to guidance toward said preferred
object, and for effectuating said transition from guid-
ance toward said target point to guidance toward said
preferred object.

11. A system for targeting a preferred object from among a
plurality of ballistic objects 1n an associated group of objects,
said system comprising:

a processor executing instructions for performing the steps

of:

sensing a group ol potential target objects which
includes a preferred object and an associated group of
non-preferred objects to produce position and veloc-
ity vectors for each potential target object;

computing from said position and velocity vectors at
least one of specific energy and specific angular
momentum for each of said potential target objects, to
produce constants of orbital motion;

from said constants of orbital motion, identifying a plu-
rality of target objects having values of said one of
said specific energy and specific angular momentum
above a threshold, to 1dentify a group of the most
likely target objects;

calculating a spatially derived guidance point of said
group,

calculating a spatial rate of change of said constants of
orbital motion, to produce a guidance direction incre-
ment;

combining said spatially derived guidance point with
said guidance direction increment to produce a target
point which 1s closer to a location of said preferred
object than 1s said spatially derived guidance point;
and

controlling thrust of an interceptor vehicle to guide said
interceptor vehicle toward said target point.

12. A system according to claim 11, wherein said step of
computing from said position and velocity vectors at least one
ol specific energy and specific angular momentum for each of
said potential target objects, to produce constants of orbital
motion, includes the steps of, for each of said potential target
objects, calculating one of: (a) the specific energy of the
potential target object, and (b) the specific angular momen-
tum of the potential target object.
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13. A system according to claim 11, wherein said step of
identifving three target objects having values of said one of
said specific energy and specific angular momentum above a
threshold value, to identify a group of the most likely target
objects, includes the steps of:

ranking a value of said one of said specific energy and

specific angular momentum for each of said potential
target objects; and

deeming those objects having values above a threshold as

being the group.

14. A system according to claim 11, wherein said step of
calculating a spatial rate of change of said constants of orbital
motion, to produce a guidance direction increment icludes
the step of calculating a specific energy gradient.

15. A system according to claim 11, wherein said step of
combining said spatially derived guidance point with said
guidance direction increment to produce a target point
includes the steps of:

identifying a line extending between two objects of said

group having values of said one of said specific energy
and specific angular momentum above a certain thresh-
old; and

identifying as said target point an intersection of said line

and a projection of said spatially derived guidance point
that 1s parallel with said direction increment.

16. A system according to claim 11, wherein said step of
combining said spatially derived guidance point with said
guidance direction increment to produce a target point
includes the steps of:

shifting a guide point from the spatially dertved guidance

point 1n a direction parallel to a direction of the specific
energy gradient; and

continuing said shifting of the guide point from the spa-

tially derived guidance point until the guide point inter-
sects a line connecting the two objects having values of
specific energy above a certain threshold.

17. A system according to claim 11, wherein said processor
executes structions for performing the additional steps,
after said step of controlling the thrust of said interceptor

40 vehicle toward said target point, of:

45

determiming which of said potential target objects 1s the
preferred object; and

transitioning control of said interceptor vehicle to guidance
toward said preferred object.
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